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"Problems of the Modern Quantum Theory of Elec- 
tron Conductors," 8. ¥, Vonsovekiy 


"Uspekhi Fiz Nauk" Vol 48, No 3, pp 289-388 


A critical survey of modern quantum-mechanic 
theory of crystalline electron conductors. ; 
Multi-electron treatment of the problem by N. N. 
Bogolyubov, S. Vv, Tyablikov, S. I, Pekar, S. V. 
Vonsovskiy and others igs described, as well as 

'. Adealistic distortions by Slater, Van Fleck, 
Mott, Stoner and others, 62 references appended, 
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Multelectron Approach in the Cuantum Theory of Crystals (Criticism of 
the Single Electron Theory of Solid Bodies)" = 


' fr, In-ta Fiziki AN Ukr3sR, Ho 5, 1954, 3-27 


Criticizes the single electron approach in the quantum mechanics 
khmtx theory of crystals, lays the foundations for a general multielectron 
theory of the solid state, and analyzes the multielectron models necessary 
for studying concrete properties of crystalline vodies. (RZhKhin, 

No 2, 1955) 
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"Theory of Varietion of Electric Resistance of Ferromagnetics I" 
Tr. in-ta Fiziki Metallov Uralsk Fil, AN SSSR, Ho 15, 1954, 3-9 


- The dep2ndence of the variation of electric resistance of a ferro- 
magnetic on the square of the spontaneous magnetization is clarified by 


means of a model. of interacting external and internal electrons, eas described 


previously (ZhEIF 16, 981, 1946) and taking into account the magnetic spin- 
spin interaction of conducting electrons with ferromagnetic vlectons. 
Theoretical and experimeral results are in good agreement. (RZhFiz, No 9, 


1955) 
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Abstract 
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USSH/Solid State Physics - Solid State Theory. Geometric Crystallography, E-2 = 


Abst Journal: Referat Zhur ~ Fizika, No 12, 1956, 34560 


Author: Vensovekiy, 8. Vv. 


Cc anneal 


Inatitutior:; Institute of Metal Physics, Ural Branch, Academy of Sciences USSR 
TMtle: Certain Problems in Quantum Mechanics Theory of Crystals at Low Temperatures 
Original Pertodical: Izv. AN SSSR, ser. fiz., 1955, 19, No 4, kh7-h61 


Abstract: An analysis is given of the present-day status of quantum mechanics theory 

of crystals in the low temperature region, and also a survey of the work performed -by 

the author and his students on this problem. Solution methods are examined, as well a 
as approxinations used in the study of the problem of the behavior of a condensed coven 
system. Tae conditions under which the complex motion of the interacting elementary 
particles can be represented as the motion of an ideal gas of elementary excitations 
(quasiparticles) is indicated. Discussion of the method of establishing the type of 
statistics for the elementary excitations and of the connection between the statis- 
tics and tae type of statistics of the initial microsystem. The calculation of the 
energy spestrum of the system of internal and external electrons of ferromagnetic~ 
transition metals on the basis of the so-called s-d model is explained; the 
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USSR/Solid State Physics - Solid State Theory. Geometric Crystallography, E-2 

Abst Jourral: Referat Zhur ~ Fizika, No 12, 1956, 34560 

Author: Vonsovskiy, Ss. V. 

Institution: Institute of Metal Physics, Ural Branch, Academy of Sciences USSR 
Title: Certain Problems in Quantum Mechanics Theory of Crystals at Low Temperatures 
Original Periodical: Izv. AN SSSR, ser. fiz., 1955, 19, No 4, bh7ah6. 


Abstract: probabilities of the quantum transitions in this system are given. The 
absence of a universal temperature dependence of the electric resistance of the type 
per? is attributed to the fact that in certain crystals the carriers of the electric 
current may be elementary excitations » obeying the Bose statistics. An exposition 

is made of a polar model of semimetals and semiconductors, in which the current care 
riers are coubleta holes : (obeying the Bose statistics) and excitons. Results of cale 
culation of the electric and magnetic properties of crystals, based on the s8-d and 
polar model, are given, 
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Title Researc € Physics of Metals (In the Ural’ Branch of the Academy 
of Sciences USSR). 
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Orig Pub : Vestn. AN SSSR, 1956," fo T, 16-23 


Abstract : No abstract 
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magnetization curve and of magnetic substances. Individual lectures dealt anong 


others with the follo 


ft 
EBA 


APPROVED FOR 


SESE Ta ene kee 


Ef Saysah gee | eas oe se SSAA SERINE 
fe ee ee 


Wing topics: The magnetic properties of nonferromagnetic 


ay tee EE SEER SEES) BEE ERS HE 
Se Se 


RELEASE: 03/14/2001 CIA-RDP86-00513R001860810010-6" 


Witee it 


CIA-RDP86-00513R001860810010-6 


2S ar ern rs eeem emp ginei 


"APPROVED FOR RELEASE: 03/14/2001 


Usp. fis.nauk,60,fasc.4, 709-722 (1956) CARD 2/2 PA = 1800 


laxation, non-resonancelike paramagnetic resonance phenomena, new magneto- 
optic phenomena in microwaves, permeability of ferromagnetica for centineter 
waves, artificial magnetic dielectrica of magnetic powders, quantum theory of 
ferromagnetiam and antiferromagnetism, approximation methods of second quanti- 
zation in the quantum theory of magnetisn, spin waves, spontaneous magnetiza-~ 
tion of thin layers, relaxation- and kinetic processes in ferrodielectrica at 
low temperatures, spectrum of elementary excitations, supraconductivity in 
ferromagnetica, thermodynamics of ferromagnetic and antiferromagnetic phenom- 
ena, temperature dependence of the most important properties of these sub- 
stances, temperature dependence of the magnetio properties of nickel and 
nickel alloys, nonmagnetic properties of ferromagnetica, theory of elastic 
ferromagnetica, structure of the domains of spontaneous magnetization, new ex- 
periments with powder figures, phenomena of magnetooptic polarization in ferro- 
magnetic crystals, influence of phase transformations as well as of the 
crystallographic and magnetic texture upon the magnetic properties of ferro- 
magnetic substances, magnetic hysteresis, magnetic viscosity of ferromagnetica, 
magnetic measurenents, etc. 
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ABSTRACT: The theory of Frenkel as generalised by Galishev and 
Vonsovskiy (1) is applied to the investigation of the 
mechanism of the absorption of light in crystals. The 
probability is calculated of a quantum transition of a 
system of electrons from a ground state to an excited 
atate under the action of light. It is shown that the 
optical properties of such a system at absolute zero of 
temperature are not fully analogous to the properties of 
a system of isolated atoms. In the cases where exchange 
effects and pair processes of excitation can be neglected, 
the present theory reduces to Frenkel's theory. 
In accordance with refs. 1 and 6, a crystal lattice with 
"frozen" positive ions is considered in which non- 
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erystal node hag a valency electron over the closed shells. 
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ABSTRACT In physical acience dynamio rules ere the expression of immediate 
and causal dependence» The basic ides ge that if for any physical- 
mechanical system the coordinates and determining momenta are 
known, the also the "trend" of the systen {se known acoording to 
ths oquation of motion. A nunber of conditions must, of souree 
be sutisfied. Great success has peen achieved in practice by olas- 
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quantum nechanios). The adherents of Laplace's determinism always 
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philosophy of dialectic materialien. 
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‘Frenkel’, Yakov I1l'ich, Corresponding Member, USSR Academy of Sciences 


- Sobraniye azbrannykh trudove te 23 Nauchnyye stat'1L (Colletcion of 
Selected dorks. Vol. 2:Scientific Articles) Moscow, Izd-vo 
‘AN SSSR, 1958. 600 pe 3,000 copies printed. 
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‘Collection of Selected Works.(Conts) 0 0 fee sov/1338 


PURPOSE: Thi3 pook is antended for persons 4nterested in the 
: scientific contributions of Ya. I. Frenkel’. 


COVERAGE: This, the second volume of the collected works of Yae I. 

: Frenkel', 18 @ compilation of his scientific articles and DOOKS « 

The volume 18 divided into four sections. The first consists of 
his contr ibusions to semiconductors , and dielectrics and the 


electron theory of meta s nis works — 
d deals with the kinetic theory of solids 
f solids, and the physical 


properti2s of high-molecular compounds « The third section covers ; 
his works on the theory of electrons and atomic nuclei, and the ; 
last section. presents his contributions to geophysics. No 
personalities are mentioned. The volume includes a list of Ya. I. 
Frenkel! 's, published works amounting to 251 articles and 41 books. 
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TABLE OF CONTENTS: 
" Dorfman, Ya. G. Yakov Il'4ch Frenkel’ (1894-1952) 3 
Ioffe, A.F. On Ya. I. Frenkel''s scientific legacy 17 


SECTION I. SEMICONDUCTORS s DIELECTRICS AND THE 
ELECTRON THEORY OF METALS 


skiy, SaVa. The Works of Ya. I. Frenkel' on the Electron 


Theory of Solids — . al 
1. On the electric double layer on the surface of solids 
and liquids | 54. 
2. Theory of the electrical conductivity of metals 54 
3. New developments in the electron: theory..of .metals 71 
-. Elementary theory of magnetic and electrical properties 
of metals undervabsolute:zero. temperature ob). | 96 
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‘ Collection of Selected Works (Cont.) 80V/1338 
5« Applying the Pauli-Fermi theory of electron gas to the a 
problem of adhesive power 109 
6. . Spontaneéus and inductive magnetiziation in ferromagnetic 
materials 122 
7. On the transformation of light into heat in solids. I 126 


8. On the transformation of light into heat.4in solids. II. 157 
9. On the elementary derivation of some relations in the 


electron theory of metals ‘176 
10. On light absorption and electron adhesion and positive 
holes in crystalline dielectrics 182 
11. On the rotation of dipole molecules in solids 201 
12. On the theory of mobile holes and dissociation of atoms 
in crystals . 211 
-. 13.4. On the thoery of disruptive discharge in dielectrics 
at and electron semiconductors 217 
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: (Shubin, Semen Petrovich 1908-1938) 
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56-1~15/56 
Vonsovskiy, S. V. , Cherepanov, V. I. Ay 
Extension of the Bogolyubov-Tyablikov Perturbational Method 
to the Non-Steady Case (Obobshcheniye metoda teorii vozmue 
shcheniy Bogolyubova-Tyablikova na nestataionarnyy sluchay) 


Zhurnal Eksperimental'noy i Teoreticheskoy Fiziki, 1958, 
Vol. 34, Nr 1, ppe 97 - 105 (USSR) 


In the present work the method by Bogolyubov-Tyablikov is ex- 

tended to the non-steady case of the alternating slectromagne- 

tic field of a light wave propagated in a crystal. The authors 

first investigated a simple atomic cubio orystal with an 

seeleotron in the sestate in each node of the lattice. The 

thermal oscillations of the ions of the lattice are neglected, , . 
On this occasion the Hamiltonian of the system of the elec-~ i 
trons of the crystal in an electromagnetio field in the repre- 
sentation of the second quantization are given and discussed. 

In the following chapter the definition and the properties 

of the operator of the projection on the L-space are discuss- 
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Extension of the Bogolyubov-Tyablikov Perturbational Method to the Non- 
-Steady Case : ; 

ed, Then, the perturbational method by Bogolyubov-Tyablikov 
4s extended to the non-steady case The computations given 
here hold for such light frequencies which disagree with 

the fundamental frequencies of the system. The consideration 
of damping makes possible the investigation of the general 
case with any frequency of the inoident light which will be 
demonstrated more precisely in a later paper. In the case of 
the approximation investigated here the apectrum of absorp- 
tion of light through the system of electrons of the orystal 
is a discrete spectrum. This means from the physical point 
of view that the "pairs" and "holes" ocourring due to the 


action of light remain in the bound states and the absorp- 
tion of light by the crystal is not photo-electricelly ace 
tive, The last chapter treates the determination of the "de- 
formed" current operator. There are 5 references, all of 
waich are Slavic. 


ASSOCIATION: Ural State University, Sverdlovsk (Ural'skiy gosudarstvennyy 
universitet Sverdlovsk 
SUBMITTED: June 26, 1957 
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NSOVEKIY) = 
fre Hall Effect of Pure Nickel Witnin the Range of 


Kholla chistogo nikelya v oblasti 


teoreticneskoy fiziki, 1958, 


s. AUTHORS: Yolkenshteyn, HN. 
Nonsovsakiy, 8. V. 
TITLE: 
Helium Temperatures (Effekt 
‘ _- geliyevykh temperatur) 
PERIODICAL: Zhurnal eksperimental'noy i 
Vol 35, Nx 1, pp 85 - as (USSR) 
ABSTRACT: Tre present pape 


temperature dependence 
range of between room 
-- reference 1 the follow 


es R Hy tRyd (J = magnetization, 


(Ref 6) (A= constant, 
data concerning the temperature dependence of 


and R= A 
The firs 
Yi within the range of from 
(Kyuri) point were supplied 
Gijeman (Yan, Giysman) 
and Fe, and 
30-50° (Ni) an 
i) =300°K —y Ts 


a 50-70° (Fe) 
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ing holds for 


and R_ in the tenperature 
th: Hali fieid: 
Ro ordinary Hall constant), 
specific electric resistance). 


room temperature to Curie 
py Kikoin (Ref 2); Jan and 
and R, for Ni 
minimum in the ranges of 


th part of its value. 
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The Hall Effect of Pure Nickel Within the Range of 
Helium Temperatures ~~ 


The authors of this paper investigated the Hall effect 

in pure Ni(99,99%). Sine of sample: 9.4.0,3 ma, H = 5000 Qy 
B in the sample: 22 000 G; sensitivity of the potentioneter 
2.10°°V; measurements were carried out at room temperature, 
0°C, as well as in baths of ee? HN, liguid s ane liquid 
He; specific resistances: o 2 12,36.1077 and 

¢ /P = 10,28.10°3. > 2094° 5293 
£4,2° 7293° oe 
The measuring results are given in figures 1-4 in form of 
diagrams. R, decreases sharply with reduced temperature 

and has a minimum at 20 - 30°K; R,(T=300°K)nj100.107'*V.cm/A.G, 


R,(B=14°K)~Y 5.107 | "V.cm/A.G. R_ decreases from 300° to 


4,2°K to about 1/3(0,6 > 0,2.107!*¥.cm/AeG) and has no 
minimum. ‘In conclusion the authors (Refs 10-16) discuss the 
theory of the Hell effect and the possibility of calculating 

R, according to Patrakhin (Ref 15) within the framework 

of the (s-d) exchange model of ferromagnetism(Vonsovskiy,Ref 16). 
There are 4 figures and 17 references, 10 of which are Soviet. 
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PERIODICAL: Zhurnal eksperimental 'noy 4 teoreticheskoy fiziki, 1958, 
Vol 35, Nr 6, PP 1447-1456 (USSR) = 


_ 
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: 24(5) 0v/56-35-6-19/44 

| . AUTHORS : Vonsovakiy Se Voy SQvirakly, Ma 5. ; 

TITLE: ‘On the Problem of the Statistics of Spin- and Polar Excitations 
su o statistike spinovykh { polyarnykh 


t 
i 
4 
H 


: by some papers (Refs 1-3) that the spin waves 
is (ferromagnons ) occur not as bosons but ao fermions. Also for 
ae) the polar elementary excitations (of "twins" and "holes") in 

electron systems of crystals this question was discussed . 
(Ref 4). In this connection the question is of interest as to fas 
the statistical classification of ferromagnoys and polar 6x- 
citation. The present paper deals with some faults committed 
in dealing with the spin- and polar excitations in crystels 
ash may lead to the occurrence of fictitious states 

Refs 2, 5, 6)), and it is shown that if these faults are 
eliminated, the spin waves may be assigned to the bosons; 
for polar excitation the question is investigated as *o when 
jt is caused by bosons. Further, the question ig discussed a8 
to how this method of second quantization is to be formulated 


ABSTRACT : It was proved 
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80V/56-35-6-19/44 


' On the Problen of the Statistics of Spin- and Polar Excitations in Crystals 


if one has a finite number of particles that can be described 
by symmetric wave functions (bosons). It is shown that quasi- 
particles (separable in the system of interacting crystal elec-~ 
trons) obey Fermi statistics in such cases in which"single 
electron transitions" correspond to the solution, and that 
they obey Bose (Boze) statistics if "two electron transitions" 
play the part of a solving agent in the dynamics of the systen. 
(Correspondingly: half-integral spin —> Fermi statistics, in- 
tegral spin —> Bose statistics). The results obtained by this 
paper verify the opinion expressed by I. M. Lifshits (Ref 4) 
concerning the statistics of "twins" and "holes" at the 
Kiyev Conference on Semiconductors (1956). There are 17 - 
references, 7 of which are Soviet. 


Institut fiziki metallov Akademii nauk SSSR 
(Institute for Metal Physics of the Academy of Sciences, USSR) 


June 17, 1958 
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_ AUTHORS: Yo S. V¥., Leontovich, HM. Ae, Sov /53-65-4-12/15 : 
Tamm, I. Ye. : 


TITLE: Semen Petrovich Shubin (On the Occasion of the Fiftieth Anni- 
versary of His Birth and of the Twentieth Anniversary of 
His Death )(Semen Petrovich Shubin(K pyatidesyatiletiyu so 
a dinya rozhdeniya 4 dvadtsatiletiyu so dnya smerti)) : 


PERIODICAL: Uspekhi fizicheskikh nauk, 1958, Vol 65, Nr 4, 
pp. 733 - 737 (USSR) 


ABSTRACT; As introduction a short curriculum vitae of the scientist, 
who was born on July 31, 1908 in Liepaja(Latvia), is given. 
Subsequently his work is discussed in detail. 
a)Publications on the olassical theory of oscillation: "Some 
Problems in the Perturbation Theory of Linear Oecillation 
Systems" was the title of his first publication (Ref 1); a 
theoretical investigation of the oscillations of thin dia- 
‘ phragms fastened at a finite number of points followed one 
year later. b) Publications on the theory of solids: "On the 
Theory of the Photoeffect in Metals", "On the Transmission 
Band in Silver", "Concerning the Theory of Liquid Metals", 
Card 1/2 “0n the Possible Anomalies of Resistance at Low Temperatures", 
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Semen Petrovich Shubin (On the Occasion of the Fiftieth s0v/53-65-4-12/13 
Anniversary of His Birth and of the Twentieth Anniversary of His Death) 


“On the Theory of Exchange Interaction", "Problems of the 
(uasiclassical Treatment of Ferromagnetisn" and others. 

¢) Publications on physical statistics: A summary of statistical 
formulae is mentioned. d)Publications on quantum electre- 
(lynamics and theory of the quantized fields: "Classical Analog 
4o the Dirac Theory of Emission", "On the New Dirac Theory 

of the Electromagnetic Field" and others. Finally a list 

of scientific papers published by Shubin is given (18 papers, 
written partly in German, English, and French). There are 1 
figure and 26 references, 21 of which are Soviet. 
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AUTHORS: Vonsovekiy, S- V-; Corresponding Member gov/20-120-2-12/63 

: Academy of Sciences, USSR, Svirskiy, KM. 5S. 

TITLE: On the Theory of the Superconductivity of Metals (K teorii 
averkhprovodimosti metallov) 


PERIODICAL: eet Akademii nauk SSSR, 1958, Vol. 120, Nr 2, pp: 269-272 
(USSR 


ABSTRACT: - Some authors (Refs 1,3) were very auccessful in explaining the 
microscopic nature of this phenomenon. However, these authors 
investigated the properties of weakly interacting gases of 
Fermi particles (electrons) and Bose particles (phonons) out- 
side the binding with the structure of the metal. It is there- 
fore interesting to use the multielectronic model of the 
metal (Ref 4) in the investigations of this problem. The 
authors investigate a system of interacting external electrons 
of a crystal. The corresponding Hamiltonian is given explicitly, 
after which then it is transformed. In this expression for the 
Haniltonian H one may separate the disturbation due to the 
interaction with the phonons. The investigation of the separa~ 
ted expression for H makes 4t possible to affirm the existence 
of the superconductivity in the investigated system. 4 fornula 
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' On the Theory of the Superconductivity of Metals g0V/20-120-2~12/63 


for the critical temperature is given, A criterion for the 
superconductivity is the prevailing of the interaction with 
the phonons over the shielded interaction. According to the 
considerations of this paper, it may be assumed that L< 0 

and great values of ZoPfective are favourable for the existence 


of the superconductivity. L is @ term figuring in the expression 
of H. In order to verify this conclusion the authors computed 
Terr according to Slater's (Sleter) method and found the 
following result: For every superconductor with the exception 
of Nb (2 rrective 7 2.8) the inequation Zeff 3 holds good. 


The maximal value of ets of all the superconductors was found 
for Bi A ppcatiné = 6.3). The upper limits of Zo prectiye 1 


any period are determined by the superconductors. Within the 
indicated limits the following metals are non-superconductive: 
Fe, Co, Ni, Cu, Rh, Pe, Ag, Wy, Ir, Pt, and Au. The above 
mentioned and also other facts lead to the following con- 
clusion:The investigation of zorfective and of the methods to 


increase 4s a simple and useful way leading te ee 


Zertective a 
‘Card 2/3 the explanation of the available experimental data and to the * 
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On. the Theory of the Superconductivity of Metals SO07/20-120-2-12/63 


‘search of new superconductive elements and compounds. There 
are 1 figure and 1o references, 7 of which are Soviet. 


ASSCCIATION: Institut fiziki metallov Ural'skogo filiala Akademii nauk 
SSSR(Institute of Metal Physics, Ural Branch,AS USSR) 


SUBMITTED: March 3, 1956 


1, Motals—Conductivity 2. Superconductivity--Theory 
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24(3)_. : gov/20-122-2-11/42 
AUTHORS : ngovakiy, 5- Vv. Corresponding Member, Acadeuy of Sciences, 


_No 
US3R, Syirskiy, He Se 


TITLE: Concerning the Problem of the Absence of Superconductivity 
in Ferronagnetics (K voprosu ob otsutstvii averkhprovodimosti 
v ferromagnetikakh) 


PERIODICAL: Teeny Akademii nauk SSSR, 19585 Vol 122, llr 2, PP 204-207 
USSR 


ABSTRACT : sting to investigate this problem from the point 
microtheory of superconductivi ty (Refs 2, 
uliarities of the energy spectrum of the 

ons have to be taken into account. These 
sidered, for instance, in the (s-d) 
atic metals. (S. V- Yonsovskiy, 
Ref 5). At i x1 e,of the ferromagnetics, 
there are 3 regio ce. (kK denotes the wave vector). 
In region I there are equal quantities of spins of the 2 
possible orientations. In region II there are only g-electrons 
of the left spin orientation, and in region III there are 
cara 1/2 only holes. The following conclusions may be drawn from the 
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a SOV/20-122-2-11/42 
Concerning the Problem of the Absence of Superconductivity in Ferroragnetics 


calculations discussed in this paper: Fron the point of 
view of the new microtheory, the absence of the supercon- 
ductivity in the ferromagnetics is an internal property of 
the system of its electrons. This property is caused by the 
relatively strong (s-d) exchange interaction. The supercon- 
ductivity, therefore, can be observed only in those ferro- 
magnetic metals which have a very weak (s-d) exchange inter- 
action. There are 13 references, 8 of which are Soviet. 


ASSOCIATION: Institut fiziki metallov Ural'skogo filiala Akademii nauk SSSR 
(Institute of the Physics of Metals of the Ural Branch, AS USSR) 


SUBMITTED: June 12, 1958 
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SHUBINA, L.A.,[translator]; VONSOVSKIY, S.¥., red.; MAKHIKSON, I.0., 
red.; GRIBOVA, MLP,, tekhn.red, ; 


(Magnetic structure of ferromsgnetic materials] Magnitnaia 
struktura ferromagnetikov; sbornik statel. Soe ily. 7 
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(Ferromagnetiem) 
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24(8) 
AUTHORS : 


TITLE: 


PERIODICAL: 


ABSTRACT: 


Vonsovskiy, S. V., Svirskiy, K. S. 50V/56-36-4-43,°70 


On the Problem of the Superfluidity of 
Kose Polar Excitations (K voprosu o sverkhtekuchesti 


sistemy bozevskikh polyarnykh vozbuzhdenty ) 


ajhurnal eksperinental'noy i teoreticheskoy fiziki, 1959, 
Vol 36, Hr 4, pp 1259-1266 (USSR) 


4, number of papers is first discussed which deal with the 
nicrotheory of superconductivity, and the assumptions 
concerning the nature of the statistics of the elementary 
current carriers are discussed. Whereas in some cases 
Fermi statistics is used, the majority of authors work with 
Bose or Bose-Einstein statistics. In the present paper the 
authors investigate a system of charged Bose polar 
excitations by means of the method employed by Bogolyubov 
for analyzing the superfluidity of a weakly non-perfect 
Eose-Linstein gas. The possibilities for a superconductive 
state in metals was investigated for the case in which the 
elementary current excitations of the electron system are 
quasibosons. The problem is solved within the framework 
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Bose Polar Excitations 


of the"polar" many-electron crystal model. Criteria are 

obtained for the possible existence of a supraconductive 

stacve in the system of charged bosons: low temperature, 

pmall thickness of the quasiparticles, practically no 
"single-electron" transitions,and negative sign of the 

exchange integral. The phonon-induced interaction between rv) 
the current Bose particles is of an attractive character 
and impedes the occurrence of the superconductivity of the 
latter. The dependence of the critical temperature of a 
saperconductor with Bose current carriers on the isotopic 
mass of the crystal ions differs from that of a metal 
with a Fermi electron spectrun. This difference can be 
used in order experimentally to divide the superconductors 
in to such of Fermi- and euch of the Bose type, There are 
14 references, 10 of which are Soviet. 
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44.450 


AUTHORS: Vorsovskiy, S.V., Giterman, WM. Sh. 
——ae 
TITLE: Many-electron Theory of Lon Crystals 
+ 
PERIODICAL: Fizika tverdogo tela, 1960, Vol. 2, No. 8, Ppp 1793-1805 


TEXT: Ion erystals are characterized by strong inhomogeneities of the 
electron density at neighboring lattice points. The binding forces have, 
therefore, essentially an electrostatic character. The interaction of 
electrons with one another and with lattice vibrations must be taken into 
account in the theory of ion crystals. Such studies were made earlier by 
S. I. Pekar (Ref. 1). In the present papér, the authors describe the 
investigation of ion crystals (phenomenological and model treatment) 
within the framework of a many-electron theory by means of the method of 
elementary excitations. The approximation used here is valid only for 
weakly excited states of the many~electron system. A consistent handling 
of the problem by quantum mechanics is possible only under this limitation. 
when the excitation ig weak and an energy 64P exists, it is possible to 
separate the energy spectrum in good approximation into individual branches 
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representing different aspects of the collective motion of the many-electm 


system. The theoretical studies are made on the basis of the Hamiltonian of 
the ion crystal in second quantization represontation: 


: ie. Maa Ven oo ‘ fi tua’ ; j 
Bee Bee Ja, oat ta panel ashy %2H2) Aa Map*at Map pa K(aa'e)ara if on. 


++) Run . Here, a. and a are Fermi's annihilation and production 
% a a ot 


operators of the electrons in the state a3. i. and OTe Bose's production 


and annihilation operators of the phonons with momentum YU and energy h 
The functions L, F, and K may be determined either phencmenologically, or 
in the microscopic model representation 4s given in (2). H can be 
represented by: H = E\+ qFermi, Bose, pFermi-Bose The Hamiltonian H 
for an alkali-halide crystal is represented by (4), and the Fermi branch 
of elementary excitations are studied for the following special cases: 

1) a very simplified model neglecting the electron-phonon interaction and 
the electron deseneracy; 2) neglecting the electron-phonon interaction but 
taking account of the degeneracy} 3) weak electron-phonon interactions 4) 


Fermi 
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- strong electron-phonon interaction in adiabatic approximation; 5) impurity 
_ conductivity; 6) ion crystal whose one component is a transition metal. 
zs In the last section of the paper, the Bose branch of elementary excitations 


5 
is briefly discussed. There are 24 references: 22 Soviet, 1 US, and ] : 
' British. . se 
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. PITTLE: The Saperconduotivity! of: Ferromagnatic @ith Weak Exchange 
rae Interaction — ; 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fizikis 1960, 


| “MOL 394 Hoe 9(8), Pp. 384-392 
TEXT: Already in an earlier paper (Ref. 1) the authors have shown that I 
a shift of the. Fermi sphere of s-conduotion eleotrona with opposite. . 
> spin projections depends on their coupling with d- or f-electrons of the 
inner apin-unsaturated shells, 1.6.) it is due to (s-d) exchange inter~ 
‘action and prevents the oocurrence of superconductivity in farromagnetics 
guoh as Fe, Coy and Nie Perromagnetios with sufficiently weak (s-d) ex- 
change interaction can become supercond a condition it was found 
that ps « hao, whore » ie the excess of trons with predominat- 
ing spin orientation, the relative magne ti f these electrons 
at the lattice points, ameter of (s-d and 
@ «the maan phonon frequency. ence exerted by th 
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ic of the superconductive state is investigated 
urately. The Hamiltonian desoribing the system 
itten down, and the definitions of the indi- 


vidual quantities are disoussed} the ground atate and the free energy of 
the ferromagnetic superconductor is investigated, after which an expres~ 
sion is derived {for the critical temperature (transition into the super- 
conductive state), Likewise, the problem of specific heat and that of the 
critical magneti: field of a ferromagnetic superconduotor are theoretical- 


ly. studied. Finally, the results obtained are digoussed, and possibilities 
Superconductivity of 


shift upon the characterist 
more extensively: and more aco 
of conduction eleetrons is ¥r 


of their experimnntal verification are considered. 
ferromagne tics has hitherto been found only in the (Ce,Gd)Ru, system, but 4 


it might aleo be possible in other syatems 48, &-&+y (Ce,Pr)Ruy- It fol- 


lows from theory that the characteristic of the superconductive state of 

a ferromagnetio deviates from the ordinary one, which ‘is due to the (s-d) 
exohange coupling. An experimental investigation of these deviations 

would be of interest not only for the superoonductivity but also for a 
re-examination of the (s-d) exchange model of ferromagnetic metals. The 
parameter of (s-4) exchange coupling oould be determined from determinations 
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of the jumps of specific heata at Th ‘from a measurement of @, a8 a funoe 
tion of H (1) accsrding to formula (43) of the present paper, eto. Tha 


ehift of the Ferm{ surface indicates superoonductivity only if the (s-d) 


exohange Coupling is weak. N, N. Bogolyubov is mentioned. There are 
10 réferentes: 4 Soviet, 5 US, and 1 Japanese, - ; x 
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AUTHORS: ~ Vonsovekiy, S.V., Corresponding Member of the AS USSR, 


Ber yshev, A. K., Izyumov, Yu. Ae, Karpenko, B. Ve, . 
Polyak, Yu. Ya. ; : 


Feet \ 
TITLE: Exchange Interaction of Inner and Outer EleotronaVin Trans- 
ition Metals 


iat faba gis enim 


PERIODICAL: Dokiady Akademii nauk SSSR, 1960, Vol. 132, No. 4, pps 797-800 


TEXT: _ In the elvotron spectrum of metallio orystals which are composed 
of elements of the transition group and of the rare-earth group, special 
properties are observed compared. to the crystals of other metals, This is Wa 
— brought into connection with the d- and f-shells of the electron sheath. 
- The electron denity of the transition metals is divided into three 
regions. The first is near the nucleus, the second consists of the valence P 
electrons, and the third intermediate region consists of the electrons of a 
the non-closed shells. For this system the Hamiltonian (1) is written down. 
The present paper describes the influence exerted by the non-diagonal 
terms in (1) upon the development of the exchange coupling, i.e., on the 
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spectrum of the d- and 8-electrons. For this purpose the authors use the 
statistical Greea function developed by H. N. Bogolyubov and 8. Y. 
Tyablikov (Ref. 7). The development of the distribution functions of the 
Bose- and Fermi particles is dealt with in detail, and formulas (11) and 
12) are obtained. As turned out in the course of a further investigation, 
the exchange interaction between the outer and inner electrons leads to 
an exchange coupling between the inner electrons. As may be seen fron 
formulas (18) anit (19), this interaction has the character of a ferro- ve 
magnetic coupliny. If a direct d-d exchange of the inner electrons is 
lacking, this lends to ferromagnetism. Indirect interaction by conduction 
electrons leads only to the renormalization of the exchange integral and 
does not change the energy spectrum of the spin waves. Ye. A. Turov, 
Pu Fu-cho, T, Shiklosh, and D. N. Zubarey are mentioned. There are 
9 references, 6 ¢f which are Soviet. : 
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VONSOVSKIY, S.V., red.; GUSEV, A.A., rede; 


AKHLAVOV, S.N., tekhn. 
rede : ‘ ; 


{Ferromagnetic resonance; the phenomenon of resonance absorp~ 
tion of a high-frequency electromagnetic field in ferromagnetic 
substances} Ferroragnitnyi rezonans; 4avlenie rezonensnogo pog~ 


loshcheniia vysokochastotnogo elektromagnitnogo polia v ferro~ 
magni tnykh veshchestvekh. Moskva, Gos. izd-vo fiziko-maten.lit- 
(MIRA 15:2) 


ry, 1961. 343 Pe | 


1. Chlen-korrespondent Akademii nauk SSSR (for Vonsovsliy)+ | 
(Ferromagnetic resonance 
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AUTHORS : Vonsovskiy, s.V. and Kobelev. L.Ya. 
i a a 


TITLE: On the energy of magnetic interact1on between two 
systems of interacting electrons 


PERTODICAL: Fizika metallov 1 metal lovedeniye, v.12, now, 196), 
834-825 : 


TEXT: In the s~d-model of transition metals put forward by 

the first of the present authors (Ref. 1< AhETF, 1946, 16, 981) 

it is assumed that the magnetic properties of a crystal cantaining 
atoms of transition elements are almost entirely determined by 

the sub-system of “internal" electrons (d- and {-electrons). we 
which are looked upon as & set of localized spin particles. The 
outer particles (s- and p-electrons) contribute mainly to the 
electrical conductivity and for them it ig the Fermi energy 
which is the significant quantity. In the present paper the a 
authors discuss the interaction of two eets of electrons with the ; 
hope that this might throw some light on the theoretical ’ 
toundations of the s-d-mowdel. The paper starts with the frormt- 

Jation of the general equations for a system of Fermi quasi- 
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particles ina ervatal consisting of two sub-systems. The 
single-particle excitations of these sub-systems are described 
by means of the operator Spinor functions 


which represent the creaticn and annthilation of elementary 
excitations fe.gr. conduction electrons. holes ete.), Use is 
made of the simgJe-narticle Green functions as originally 
described by [. Schwinger (Ref.3. Proc: Nat. Acad Sci. 1951, 
37. 452). The derived set of eountions for the single-particie 
temperature Greea function is then used to determone the snectrum 
of elementary exc:tations and the macnetization of the system, 
The analysis is then stabilized to tne case of fCerromagnetic 
Systems and terms resnonsibie tor the magnetic anisotropy of the 
Card 2/3 ; 
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system and the contribution due to the mean electrostatic energy 
are neglected. The energy spectrum is -then examined itn detail and 
it is shown how the mMagnetization-depentient terms vary when ane 

or both of the sub-systems may be looked upon ag collective or 


localized, There are 12 references: 6 Soviet-bloc and 6 non- 
Soviet-bloc, The English-language references read ax fol lows: 
Ref.5: Schwinger Tt. Phil. Mag., 1953, 44, 1171; Refl9: Stoner E. 
. Proc. Roy,Soc,, 1938, AI65, 372, Ref,tO: Kasuia T. Progr. theor. : 
' Phys., 1936, 16, 45; Ref.12: Marschall w. Phys. Rev,, 1960, 118, 
1519, 
ASSOCIATIONS: | Institut fiziki metatlov AN SSSR (Inetitvte of va 
_ Physics of Metals AS USSR) and Vv 
Ural'skiy gosiniversitet im. A. M. Gor'kogo 
(Ural State University imeni A. M, Gor 'kiy) 
SUBMITED: July 20, 1961 
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AUTHORS: .Vonsovekiy, S. V., Svirskly, M. S. oe 


TITLE: ° oS Interaction of conduction electrons induced by spin waves in 
" &@ ferromagnetic substance ' 


- PERIODICAL: Zhurnal eksperimental'noy 4 teoreticheskoy fiziki, v. 40, 


no. 6, 1961, 1676 = 1681 


" 


: ’ r : 
TEXT: The interaction between conduction electrons and electrons partic-~ 


-ipating in magnetic ordering of atoms leads to two effects: 1, displace- 


ment of Fermi spheres for conduction eleotrons with different spin 
projections, and 2, additional interaction of sonduction electrons. induced 
by spin waves... Since various methods had Already been applied to this. 
problem in the past, the authors of the present papér applied Bogolyubov's 
method (x. N. Bogolyubov, V. V. Tolmachev, D. VY, Shirkov, Novyy metod v 


. teorii sverkhprovodimosti, Izd. AN SSSR, 1958). ‘The Hamiltonian of the 
. Conduction electrons “interacting with spin wavesrof the ferromagnetio 
material is : co 
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where Eye Ey. + BT Eps ie Ey. - BhI- Ep (Ref. 7: So " Vonsovskiy, ae - 
me 0 OA. Turov, ZhETF, 24, 419, 1953). 1K +2 kp| with /K/% k,1, where ker, ae 
.&g “Kp denote radii of Fermi spheres for eleotrons with right-hand and left- 


- hand projection in the k-space. Since the total momentum of the interaot- 
fm ing pairs in the case concerned is non-vanishing, Bogolyubov's canonical’ ; — ‘ 
a ._ transformation cannot be applied. It is, in fect, mSonenery to pass over | = 
to new Fermi operators x), and Xx; Xyq  Wereyy “Mp? Se 4 x)f? 


: + ; 2 2 
Keg Ugo. (k +x)4 + Vp oy, 7(5) ie valid, where uf +vT= 1, Wee UWP 


1 vp -v_4¢(4)+ The possibility of coupled pair formation 1s examined, on: iz 
& Here, WT Vy pmust be non-vanishing. The Hamiltonian (1) may be written oa 
Gard 2/5 7 
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